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1 Introduction

Christensen Consulting Limited has been commissioned to develop guidance to reduce riverbank
erosion and sediment movement for the upper catchment rivers of the Te Hoiere/Pelorus River
system. This project completed under the auspices of the Te Hoiere Project Integrated Catchment
Enhancement Plan. The work is funded by the Te Hoiere project partners. Marlborough District
Council (MDC) was the project lead and commissioned the work

This guidance is primarily for the purpose of managing lateral bank erosion so that the surrounding
land can still be productively used for agricultural purposes whilst minimising sediment generation that
affects the lower reaches of the Te Hoiere/Pelorus River and the Havelock estuary/marina area. The
guidance forms part of the overall Te Hoiere Project that was initiated in 2019. The rivers included
within the upper catchment of Te Hoiere/Pelorus River are — Opouri River, Ronga River, Tunakino
River, Alfred Stream, and Rai River.

This guidance is based around application of the “Room for the River” philosophy which allows for a
defined amount of lateral freedom for river channels so they can behave naturally while prioritising
natural and nature-based solutions for managing persistent erosion. The first part of applying a
“Room for the River” philosophy involves the development of design lines that define the overall river
corridor that will be managed. This has been done in accordance with the NZ River Managers
Guidelines?! and builds on earlier work completed by Jon Tunnicliffe that provides the geomorphic
context of the catchment?.

This report firstly provides a background summary of Te Hoiere Project and the geomorphic context of
the system, this is followed by a summary of the purpose and use of design lines for applying a
“Room for the River” philosophy for river management activities. The specific methodology used for
determining the design lines for the rivers included in this plan is then explained. A summary of the
design channel and buffer widths that form the overall river management envelope for each river
within the Te Hoiere/Pelorus upper catchment is then presented.

This is followed by descriptions of the various methods that are appropriate for managing persistent
erosion within the defined river corridors including river management techniques such as gravel
extraction, channel diversions and beach formation combined with bank erosion methods including
battering, willow and native planting, soft structures (rope & post, anchored trees) and hard structures
(rock revetements and groynes). A summary of the resource consent requirements for the various
activities will also be provided along with a template to guide applications for resource consents.

This project has been a collaboration with MDC Environmental Science section with technical
oversight from MDC Rivers and Drainage Engineering Team. | would particularly like to thank Matt
Oliver for his work on the background and geomorphic setting of the catchment, as well as Daniel
Harrison and John Jones for their work on digitising the historic bank locations as a key input for this
work.

! Christensen K.J. (2023). Application of Room for the River for NZ Rivers and Streams. NZ River Managers Guidelines.
2 Te Hoiere River Dynamics storymap - https://arcg.is/qgmijz
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2 Background and Regulatory Constraints

2.1 Geographic Setting

The Pelorus/Te Hoiere catchment lies between Blenheim and Nelson, in the northern part of
Marlborough. The catchment extends over approximately 890 km?, with the inclusion of the Rai,
Ronga, Tunakino and Opouri (to the northeast) and Whakamarino (to the southeast) catchments. The
Pelorus/Te Hoiere discharges into the Havelock estuary and Pelorus Sound. The Te Hoiere mainstem
and the Whakamarino drain the northern side of the Richmond Ranges, while the Rai rises in the
Bryant Range to the northeast.

The Pelorus/Te Hoiere landscape evolved by drainage rearrangement from mountain uplift, faulting
and the headward erosion of mainstem rivers around 25 million years ago. The bedrock is
predominantly greywackes and schists. Weathering of weaker mineral bands in the schist produces
planes of weakness prone to deep and surficial slippage with sediment detritus of characteristically
flat (platy) form.

The river's drainage has been dramatically influenced by differential, subsiding tectonic movement.
Prior to the Last Interglacial, the Pelorus River flowed south via the Kaituna Valley, into the Wairau
River instead of east and north into Pelorus Sound as it does now. The change in drainage direction
reflects northward regional tilting and changes in sea level. In post-glacial time the lower reaches of
the modern Te Hoiere developed a substantial valley fill, owing to a relative rise in sea level. This fill
now provides valuable flat terraces and valley floors for stock and grazing. There is evidence of post-
glacial meander activity across the fill (scroll plains and abandoned meander loops) in many of the
river valleys. This meandering behaviour is natural and related to the slope of the river. While the
rivers have been largely stabilised by human activity to accommodate settlements in the valley, the
meandering still leads to bank erosion and resulting downstream gravel accumulation (that
accentuates further bank erosion) and sedimentation in the receiving estuary.

In the upper reaches of the catchment, the channel is largely confined by prominent bedrock
exposures (notably in the Upper Pelorus and Whakamarino rivers), as well as some deep colluvial fills
and fans (Tunakino River). The rivers are coarse-grained in the headwaters, transitioning to gravel
material for most of their courses, and then to sand and fine- grained sediments near the estuary.
Indigenous forests, dominated by beech, extend over much of the steeplands and montane areas of
Pelorus/Te Hoiere. Exotic forest mostly comprised of radiata pine occupies the high to middle slopes
and is the next largest single land use, followed by pasture mostly on the lower hill slopes and
floodplains.

2.2 Te Hoiere Project

Covering the Te Hoiere / Pelorus, Linkwater and Kaituna valley catchments, the Te Hoiere Project is a
landscape-scale restoration project that aims to address land-use derived water quality issues
alongside wider biodiversity goals. Through partnership with the community, iwi, local and central
government, NGOs and industry bodies, the Project aims to tackle these challenges through
knowledge, innovation and restoration activities.

Ngati Kuia are celebrated and respected as Mana Whenua and kaitiaki of Te Hoiere, and likewise,
Rangitane o Wairau as Mana Whenua of the Kaituna sub-catchment. Marlborough District Council is
a proud stakeholder, alongside iwi, Government agencies, several non-governmental organisations,
and the community. The catchment is one of 14 priority catchments in Department of Conservation's
Nga Awa River Restoration Programme and an exemplar catchment as part of Ministry for the
Environment's At Risk Catchments Programme.
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In 2022, the Te Hoiere Kaitiaki Charitable Trust was created to provide governance for the project and
provide a vehicle for the community’s voice and future of restoration activities in the catchment. The
Trust and project are aligned with Kotahitanga mo te Taiao Alliance, a wider effort to promote
collective action towards enhancing and protecting biodiversity in Te Tauihu, the top of the South
Island.

One of the key aspirations of the Te Hoiere Project has been to address sediment losses from the
land into the marine environment. Several studies show that sediment losses linked to human activity
are resulting in adverse environmental effects in the Havelock estuary and Pelorus Sound. A
significant portion of this sediment has been identified as being derived from bank erosion. A recent
geomorphic study of the catchment’s rivers identified that ‘hardening’ (loss of vegetation and increase
in impervious surfaces) within the catchment has likely led to larger flood volumes moving more
rapidly through the river network. Combined with the pre-existing meander behaviour of the rivers, this
has led to an increase in sediment movement. The aim of this landowner guidance is to ensure that
river management work is well planned and coordinated to reduce the risk of accentuating this
meandering behaviour.

The community have raised concerns around river maintenance work with Council. These concerns
centre mainly around loss of land and fences as well as flooding damage and sediment loss. The Te
Hoiere Project has been seeking opportunities to better address these concerns within the statutory
constraints imposed on all stakeholders. This report seeks to provide guidance on suitable riverbank
erosion management and maintenance methods.

2.3 Resource Consent Requirements

It has been historically thought that river maintenance works is the domain of Councils. Although most
Councils do undertake such works where a large, rated scheme is in place, and although in the past
Catchment Boards have undertaken such work in non-scheme catchments, river maintenance works
are the responsibility of the adjacent landowners. Currently, the role of the Marlborough District
Council is to undertake emergency works only where public assets may be under threat.

This Erosion and Sediment mitigation plan has been prepared to provide guidance to landowners on
the implementation of effective and appropriate river maintenance methods including bank erosion,
willow removal, riparian planting/reinforcement and gravel extraction. However, under the RMA and
the Marlborough Environment Plan, many of these activities require resource consents. Landowners
wishing to undertake river maintenance work must obtain consent prior to commencing work. Use of
this guide alone does not provide consent, however the material contained in this guide can be used
to support a consent application.

Consent applications must contain all prescribed information, including the details of the applicant,
location of the work, a description of the work planned, an assessment of the proposed activity
against any relevant planning documents and an assessment of the potential environmental effects of
the work. Typically, a consent for river maintenance work will require a Land use-River bed activity
consent. Information on applying for a consent can be found here —

https://www.marlborough.govt.nz/services/resource-consents/applying-for-a-resource-consent#toc-
link-0.

Marlborough District Council also have a duty planner service to help answer queries regarding
consent requirements and the application process.

Landowners are strongly advised to read consents prior to starting work and to adhere closely to
consent conditions. Marlborough District Council have a duty consent monitoring officer to help
answer any queries regarding consent conditions. The Land and Water Team and River and Drainage
Engineering Team within Council can also provide information relating to specific projects. A

www.christensenconsulting.co.nz Page 6


http://www.christensenconsulting.co.nz/
https://www.marlborough.govt.nz/services/resource-consents/applying-for-a-resource-consent#toc-link-0
https://www.marlborough.govt.nz/services/resource-consents/applying-for-a-resource-consent#toc-link-0

CHRISTENSEN Te Hoiere — Riverbank erosion and sediment guidance

CONSULTING LTD

2

discussion with council staff prior to applying for consent can often be helpful as the landowner
develops the consent application.

2.4 Agency Responsibilities

A number of regional and national agencies have responsibilities for public assets alongside the rivers
covered by this guidance (See Table 2-1). These agencies include Marlborough District Council,
Marlborough Roads, New Zealand Transport Agency, Marlborough Lines Limited and Department of
Conservation. In these locations, it is understood that the relevant agency is responsible for the
protection of the asset concerned and in general, it is assumed that the agency will be responsible for
monitoring and managing the entire width of the river directly adjacent to the asset. Agencies
appreciate landowner assistance with monitoring these locations, but it is highlighted that it is the
relevant agencies responsibility for undertaking any physical works that it deems necessary and not
the landowners. Landowners will of course be consulted where access across private property or
works on private property is required.

Table 2-1  Agency Responsibilities by Asset Type

Agency Asset type

New Zealand Transport Agency State Highways incl. bridges and culverts

Marlborough Roads Local roads incl. bridges and culverts

Department of Conservation Conservation Land

Marlborough District Council Other community assets e.g. Landfills, 3 waters
infrastructure

Marlborough Lines Limited Electricity infrastructure

Each agency may have its own policies for addressing risks posed to these assets. Commonly,
agencies will work together to address risks and draw on each other’s expertise in these situations. If
a landowner is concerned about a public asset they consider at risk, then they should raise it in the
first instance with the agency concerned.

For clarity, where land adjacent to a river is not held under a title, or title to that land is held by an
agency, then that land itself does not constitute a public asset under the relevant section (330) of the
Resource Management Act (RMA). This means agencies hold no responsibility for protecting land
alone, only for protecting public assets on that land. Where neighbouring landowners use such land
and wish for it to be protected, consultation with the relevant agency is recommended. Landowners
are able to seek consent for protection works on this land at their own expense if the agency declines
to act.

2.5 Emergency Situations

This guidance is only intended for landowners in non-emergency situations. However, emergency
situations arise from time to time that require urgent action to prevent harm to properties or life.
Landowners have a defence in such situations under section 341 of the RMA.

Where an event beyond the control of a landowner requires action to protect lives and or property
from serious damage, then provided those actions were reasonable and adequately mitigated after
the event, the landowner may have a defence against prosecution.

Further information can be found here: https://resourceconsentsguides.marlborough.govt.nz/owners-
liability-under-the-resource-management-act/
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3 Room for the River Philosophy

This section of the report provides a description of the Room for the River philosophy and why it is an
effective management approach for managing the rivers of the Rai and upper Rai catchment. A key
enabler for adopting a Room for the River philosophy is the development of design river management
lines based on the observed and geomorphic setting of these rivers. The basis for design river
management lines is described in this section, along with the framework of how management
interventions fit within the Room for the River philosophy when managing public infrastructure assets
and private property within the overall river management envelope.

3.1 Why Adopt a Room for the River Philosophy?

The evolving best practice of giving the river more room to move and recognising the temporal and
spatial variability in natural river behaviour steers riparian communities to consider a more flexible
approach to managing the river channel. This shift to providing more room for the river to move
(within limits) is the river management philosophy advocated in the Room for the River Guidelines?
and is becoming the generally adopted best practice for managing lateral erosion in New Zealand’s
River systems.

It is also prominent within international best practice river management with the successful Making
Room for the River programme in the Netherlands,® as well as other international river management
guidelines*>.

There are a number of reasons why the Room for the River approach to riparian management is
effective in New Zealand river systems that largely derive from the following fundamental concepts —

e Rivers are dynamic, rather than static, systems that will change their form over time. At
any particular instant, the physical expression of a river will reflect the influence and
interaction of all the physical, climatic and human processes (both past and present)
occurring in the catchment;

e Avriver that is able to move its channel or channels within a wider active bed is a
healthy river. Rivers that have adequate room to move can give greater expression to
their mauri and natural form. This is reflected in the development of a diversity of
aquatic and riparian habitats, which can in turn support greater ecological diversity;

e Since river morphology and ecology are dynamic, river management must be capable
of anticipating, responding and adapting to change.®

This approach seeks to enable the rivers to have more room to move and behave more naturally, with
less frequent mechanical and hard structural interventions. Planting of the riparian margins (buffers)
helps to provide a level of erosion management to land beyond the wider river management envelope
as well as filtering flood debris, slowing flood waters and providing terrestrial habitat.

As well as the overarching fundamental physical processes being better accommodated by this
philosophy it also accommodates the social aspects in terms of different landowners’ perspectives on
what is suitable and affordable for their own section of river. With a wider overall river corridor and
acceptance that some erosion will occur as a natural part of a healthy functioning river system, the

3 https://www.dutchwatersector.com/news/room-for-the-river-programme

4 Ciria (2022). The Natural Flood Management Manual. CIRIA C802

5 Bridges, T. S., J. K. King, J. D. Simm, M. W. Beck, G. Collins, Q. Lodder, and R. K. Mohan, eds. 2021. International
Guidelines on Natural and Nature-Based Features for Flood Risk Management. Vicksburg, MS: U.S. Army Engineer Research
and Development Center.

5 GWRC Code of Practice for River Management Activities FMPL-5-36
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use and reliance on hard structures is greatly reduced. It is also important that a consistent approach
is adopted to enable a “whole of river” view to be taken to avoid a cascade of downstream effects.

The observation that the use of hard structures leads to the use of more hard structures is well
understood and acknowledged within river engineering practice and the end effects and opposite
bank effects of rock and other hard structures are difficult to avoid. This has led to the incremental
rock lining of entire reaches of rivers due to the upstream rock causing erosion downstream which
resulted in rock lines being extended further and further downstream as well as on opposite banks.

The widespread use of rock is also prohibitively expensive and is generally not positive in terms of
ecological outcomes for the health of the river as it creates a relatively sterile barrier between the
terrestrial and aquatic environment. Notwithstanding the above, there will always be the need for the
very careful and strategic use of rock or other hard solutions when no other option is available and a
critical asset needs to be protected.

The Room for the River philosophy is being widely adopted internationally and across New Zealand
as best practice for river management. It enables more cost effective, low impact, natural solutions
that utilise riparian vegetation and minor channel/bank shaping works that are less reliant on the use
of hard structures. It is recognised that some level of consistency is needed in determining what
width is needed for the river to function in a healthy manner that minimises the cost of interventions
but also recognises the rights of riparian landowners to productively use their land. This is where the
development of design management lines for each river becomes important. A description and
definition of these design management lines is provided below.

3.2 Design Lines

Design lines are made up of inner and outer management lines that are used to define the typical
channel location bounded by buffers within an overall river management envelope (See Figure 3-1).
The inner management lines indicate the typical location of the active river channel and are typically
defined on a reach by reach basis where each reach has some reasonably consistent physical
characteristics. The details of the methodology used to determine the design lines is provided in
Section 4 of this plan with the reach by reach outputs presented in Section 5.

The design lines are made available on a Marlborough District Council StoryMap located here:
https://arcg.is/1LOX{S

To view the Storymap on a mobile device, scan this QR code.

Users can zoom in to view the inner and outer management lines, the current assessment of risk level
as well as the historic meander patterns for the rivers covered by this guidance.

www.christensenconsulting.co.nz Page 9


http://www.christensenconsulting.co.nz/
https://arcg.is/1LOXfS

CHRISTENSEN Te Hoiere — Riverbank erosion and sediment guidance

CONSULTING LTD

2,

Inner Management Line

Inner Management Line

Outer Management Line Outer Management Line

Figure 3-1 Design Line Schematic

The outer management lines provide the outermost limit to which the river will be managed with the
area between the inner management line defined as a buffer. The buffer provides additional space
for the river to move laterally particularly during periods of higher flood activity and or higher sediment
loads. For the buffer to function most effectively it is desirable to have it planted with a mixture of
willows and natives that provide a good balance of fast growing, high early erosion resistance
(willows) versus the slowing growing natives that take a longer time to develop sufficient root structure
to resist erosion but provide additional benefits long-term.

The concept is that the river is completely free to move within the typical channel location bounded by
the inner management lines and can also erode and occupy parts of the buffer from time to time. In
some instances, erosion into a buffer will “self-heal” as an erosion feature migrates downstream or as
vegetation re-establishes following a flood and the main channel returns to the typical channel
location bounded by the inner management lines.

There will also be the situation where erosion persists, and a feature continues to develop out towards
the outer management lines at the back of the buffer. In this situation it may be appropriate to
undertake proactive physical works to return the river to the typical channel location bounded by the
inner management lines. This is not only for the purpose of managing the localised impact but also
for the potential impacts of this feature causing issues upstream and downstream.

A framework for managing works within the buffer using a ““Hierarchy of Intervention” is presented in
Table 3-1.
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Table 3-1  Hierarchy of Intervention

SITUATION RESPONSIBLE INTERVENTION ACTIVITIES TIMEFRAME FOR COMPLETION
PARTIES TYPE
LOW RISK Landowner Limited Bank shaping, gravel beach shaping & Scheduled around best time of
Land in buffer is at risk intervention/ extraction, willow and native planting year for planting trees and doing
of erosion monitoring channel maintenance
MODERATE RISK Landowner Moderate- As for low risk with the addition of harder | Programmed
The outer management priority structural elements to support natural
line is at risk of erosion intervention solutions, timber/rope debris fences,
strategic rock groynes.
ELEVATED RISK Landowner Immediate Heavy protection structural solutions, rock | Urgent — to be completed ASAP
Erosion may have intervention revetments, retaining structures, channel
occurred beyond the diversions, berm recovery.
outer management line
Interventions at lower
tiers have failed
Risk of damage to
private infrastructure
Risk of damage to public | Agencies
infrastructure (MDC, MR,
DOC, NZTA,
MLL)

www.christensenconsulting.co.nz

Page 11



http://www.christensenconsulting.co.nz/

CHRISTENSEN Te Hoiere — Riverbank erosion and sediment guidance

CONSULTING LTD

2

The “Hierarchy of Intervention” process provides a risk based approach on how much the river can
move into buffers before river management interventions can be undertaken to return the river to be
within the inner management lines and for the buffers to be re-established. The level of risk
determines the urgency of the intervention and the range of tools available. For most areas if there is
some erosion within the buffer there would be very limited need for intervention. Within these LOW
risk areas this limited intervention philosophy is giving effect to the overall approach and desired
outcomes by allowing the river to behave naturally by eroding its banks within a wider river
management envelope.

When the outer management line is considered to be at risk of erosion then a greater range of
intervention tools are appropriate and supplementing planting with strategic structural works such as
tree or rock groynes may be considered. This is where there is a balance between providing room for
the river whilst also managing erosion risk to property beyond the outer management lines comes into
consideration. This MODERATE risk situation still provides the opportunity for the river to move but
once it has moved to occupy most of the buffer and is looking to continue moving laterally beyond the
outer management line then a programmed intervention is required.

Once erosion has occurred beyond the outer management line or in the situation where there is a
high value asset in the buffer, the risk level escalates to ELEVATED and an immediate intervention
using all of the available tools in the river management tool kit is applied. Once the risk is in the
ELEVATED category the balance has shifted towards maintaining the river within the inner
management lines, especially when there are assets in the buffer, and the opportunities for providing
room for the river are far more limited than in other situations where there are no assets in the buffer.

This method of implementation provides some flexibility in managing areas where there are assets in
the buffer and also provides the opportunity for asset owners and stakeholders to consider the
feasibility of retreating or relocating assets to achieve long term sustainable outcomes. Further
details on the methods used for managing erosion in ELEVATED, MODERATE and LOW risk
situations is provided in Section 6 of this guidance.

A ‘HIGH: tier exists in the Hierarchy of Intervention. This tier is not included in this guidance as it
refers to situations where risk to life may exist. It is used in emergency situations by responsible
agencies and is beyond the scope of this guidance. Refer to section 2.5
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The methodology used to develop design lines for the rivers of the Upper Te Hoiere catchment is as
described in the NZ River Managers Room for the River Guideline!. A summary of the specific data
used for the key inputs is presented in this section.

The overall methodology is based on integrating a range of data sources including -

Geological & geomorphic mapping of terraces and other landscape features;
Catalogue of past river management activities;

Topographical features;

Digitising river width and planform extent from historic aerial photographs; and

Empirical river regime equations.

These data sources are all taken into account to assess a relatively stable width and planform
location for the main channel as defined by the inner management lines on a reach by reach basis.
The sub-reaches are identified based on the extent of relatively homogenous hydromorphic conditions
with a generally constant width for the main channel determined for each reach being based on the
average of the assessed parameters throughout the reach.

The eight sub-reaches defined for the Upper Te Hoiere catchment are as follows (See Figure 4-1) -

Upper Opouri River (upper extent of floodplain to Tunapai Stream confluence);
Central Opouri River (Tunapai Stream confluence to Tunakino River confluence);
Tunakino River (upper extent of floodplain to Opouri River confluence);

Ronga River (upper extent of floodplain to Rai/Opouri River confluence);

Lower Opouri (Tunakino confluence to Rai/Ronga confluence);

Upper Rai River (Ronga/Opouri confluence to Alfred Steam confluence);

Alfred Stream (upper extent of floodplain to Rai River confluence);

Lower Rai River (Alfred Stream confluence to Pelorus River confluence).
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Figure 4-1 Extent of eight sub-reaches

The buffer width to the outer management line has been determined by considering the range of
historic variability of the channel location, the empirical equations to determine buffer widths which are
in proportion to the energy and lateral erodibility of the particular reach of river under consideration.
As with the inner management lines, the buffer widths defining the outer management lines have
been assessed on a reach by reach basis.

4.2 Mapping of Geomorphology and Geological Features

Understanding the geomorphic context of the floodplain is fundamentally important for assessing the
geomorphic variability and relative stability of the current stream channel. The floodplains of the Te
Hoiere and upper Rai are broadly characterised by valley floor infill of Holocene aged gravel bounded
by older late Pleistocene gravel and fan deposits particularly around the steeper tributary points (See
Figure 4-2). Older Pleistocene surfaces are also evident at higher elevations (Also see Figure 4-2).

The erodible nature of the valley floor has been considered and reflected in the development of
design river management lines. The source data for the underlying geology is the GNS New Zealand
Geology Web Map’. Also available is geomorphological mapping completed as part of earlier work by
Jon Tunnicliffe, an example reach for the upper-mid Te Hoiere catchment is provided in Figure 4-3.

7 https://data.gns.cri.nz/geology/
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Figure 4-3 Upper-Mid Catchment Geomorphic Mapping
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4.3 Past River Management Activities

The past river management regimes, particularly in-channel works can have a significant influence on
observed river behaviour. However, it is understood that historical works during the era of the
Marlborough Catchment Board (1956 to 1989) were not comprehensive in nature with reference to
the trialling of rail iron cruciform groynes on the Opouri River® but with no comprehensive scheme or
catchment plan. A catchment scheme was implemented by the Catchment Board in the 1950s and
ran with limited success until the 1990s. The Catchment Board identified that bank erosion was
occurring because of historic forest clearance higher in the catchment (leading to higher flood
volumes and speeds). They proposed a range of hard and soft engineering solutions including rock,
debris dams and planting. Evidence remains within the catchments of ad-hoc Catchment Board work
at some sites however there appears to be no consistent overall planning that has guided that work.

It is also highlighted that there is currently no Marlborough District Council administered, ratepayer
funded schemes for the management of the rivers covered by this guidance. However, a number of
landowners have resource consents for undertaking works on their properties and a number have
undertaken erosion protection works using hard structures as well as gravel extraction.

4.4 Surface Elevation Data (from LiDAR)

As with the geological data, the LIDAR provides further information to inform decision making for the
outer management lines particular where there are prominent terraces in close proximity to the
current active channel. An example of the underlying LIDAR surface used in the analysis is provided
in Figure 4-5 below.

Figure 4-5 Opouri River Lidar elevation model

4.5 Historic Channel Movement from Aerial Photography

The historic channel positions from thirteen georeferenced aerial photograph sets from 1943/45 to
2024 were mapped in GIS by MDC (See Figure 4-6). This data set is considered fundamental as it
accurately reflects the active width of the river over the past 80 years and a significant weighting has
been given to this data when assessing trends and the overall position and extent of the design lines.

8 Acheson A.R. (1968). River Control & Drainage in New Zealand. Ministry of Works Publication.
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Figure 4-6 Digitisation of historic river channel extents

4.6 Empirical Analysis

The use of regime channel equations and “Catchment Board Rules of Thumb” have seen widespread
use across New Zealand by respected Rivers Engineers Gary Williams, Peter Blackwood and lan
Heslop.

The overall method utilises a selection of empirical and physically based theoretical models to
determine a range of river widths at which the river should be “relatively stable”. In this context
relative stability suggests that there should not be excessive river bed or bank erosion or aggradation
and the river should be able to pass through the incoming sediment and water load during floods.
However, the methods may not account for specific characteristics of some reaches that may be
undergoing some form of longer-term degradation especially where that reach is able to access more
gravel or where there is longer-term aggradation and a possibility of full channel avulsion.

The selection of theoretical models (equations) for both a wider dominant flow meander as well as
smaller threshold of motion meanders are provided overleaf. Extensive use of these equations has
shown that they reasonably approximate the range of widths evident in natural and more heavily
managed gravel bed river systems across New Zealand. It must be highlighted that these equations
provide a range of widths ranging from relatively narrow for the threshold of motion meander channels
through too much wider channels for the dominant flow meanders. The observed river widths from
analysis of past aerial photographs and geomorphic markers can generally be matched to the outputs
of one of the equations to determine the average reach-based characteristics.

The input parameters into these empirical equations include typical sediment size characteristics of
the riverbed, flood discharge and slope (hydraulic grade line). The sediment size characteristics
used for the analysis were derived from sediment sampling data published on the NIWA NZ River
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Maps website - https://shiny.niwa.co.nz/nzrivermaps/. By selecting the Bed Sediment Cover® tab on
the “Select Variable Type” from the dropdown menu you can obtain an estimate of the percentage
cover for the full range of sediment sizes from < 0.06 mm up to 512 mm. The grain size distributions
for this data are presented in APPENDIX C.

The flood hydrology for each specific reach has been estimated using the NIWA NZ River Flood
Statistics!® and adding a 30% allowance for climate change. The river slope has been estimated for
each reach by taking the average mean bed level from 1:50,000 topographic maps.

A description of the formulae which utilise this data is provided below.

Dominant Flow Meander
W =4.85x Q% (Lacey, 1930) Low gradient sand canals

W =1.45x Q%S (Altunin, 1962) Lowland sand rivers in Russia actual slope
+ W =1.45xQ%5/Sc%2 (Altunin, 1962) Lowland sand rivers in Russia critical slope

Where Sc = 0.33 d*15/Q°“6 (Henderson, 1966) Theoretical critical slope for Type B channel. With
lesser slopes would not cause erosion, steeper slopes would cause erosion

i’
Type B

Figure 4-7 Type B Channel (Henderson, 1966)

Threshold of Motion Meander
W = 1.22 x Q%46/S%15 (Henderson, 1966) Type B Channel at Critical Slope

W = 2.065 x Q04650-1167/ 415 (Henderson, 1966) Type A Channel at Actual Slope

W = 3.1 +0.45 (In (0.672xd5/S x Q°#2)) x Q%47 (Chang, 1988)

-

Insert of constant depth
Type A

Figure 4-8 Type A Channel (Henderson, 1966)

9 Haddadchi A, Booker DJ, Measures RJ (2018) Predicting River bed substrate cover proportions across New Zealand. Catena
163: 130-146

10 https://niwa.maps.arcgis.com/apps/webappviewer/index.html?id=933e8f24fe9140f99dfb57173087f27d
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Following the calculation of these widths it is then a case of determining which theoretical width fits
with the observed characteristics of the reach under consideration with consideration of the general
fairway types described in Table 4-1.

Table 4-1  Catchment Board “Rules of Thumb” Fairway Types, Channel & Buffer Widths
Fairway Channel Buffer Remarks
Wide 1.7 x Dominant Flow 2 x Minor Meander Permits migration of
Meander (Lacey, (Henderson Type B dominant flow
Altunin or Altunin at Channel at critical slope) meanders. Vegetation
Henderson critical slope can be used to contain
for Type B) bank erosion.
Narrow Dominant Flow Minor Meander Permits migration of

Meander

small meanders.

Channel banks
generally need
strengthening/armouring

Extreme Narrow Major Meander Width ¥ x Minor Meander
(Henderson Type A at

actual slope or Chang)

Strong channel banks
required.

4.7 Overall Approach

The overall approach is a synthesis of the data described above to estimate the natural bounds of the
typical main channel location (inner management lines) with an allowance for the predicted variability
(outer management lines). Using this overall approach, it emerges that there are relatively
homogeneous reaches which is what would be expected when the underlying geomorphology is
being used as a key data source.

Although all data sources have been evaluated, the greatest weighting has been given to the
observed recent geomorphic data, namely the riverbank edge delineation from the past 80 years.
This data gives a very accurate picture of the trends in channel width and the natural tendencies of
the river in terms of lateral migration. The underlying geological and geomorphological data also
provides a useful reference for considering longer term trends for channel width.

The empirical regime equations provide a useful reference particularly for providing a buffer width that
reflects the relative erosion potential for the various reaches within each river system. Generally, the
regime equations have been given less weight than the observed river behaviour and underlying
geomorphology.

Based on the above methodology a draft set of design lines was developed and provided to MDC on
31 October 2024. Following some clarifications, infilling of gaps on overlapping sections of maps
adjustments were made and a final set of design lines were digitised by the MDC GIS team. The
reach specific channel design widths are provided in the following section.
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5 Reach Specific Channel & Buffer Widths

Based on the methodology presented in the previous section, inner and outer management lines have
been developed for eight reaches of the Upper Te Hoiere/Rai river system. The reaches generally
begin at the upstream extent of the main channel valley floor (floodplain) and follow the main river
channels down to the confluence with the Pelorus River near Pelorus Bridge. The synthesis of the
data for each reach is described below with reference to the Empirical Design Width calculations
provided in APPENDIX A and a summary of each reach provided in APPENDIX B.

5.1 Reach 1 - Upper Opouri River (upper extent of floodplain to Tunapai
Stream confluence)

Overall this reach is characterised by a meandering single thread gravel river, entrenched into past
floodplain deposits. It has been relatively stable over the period of observation and the channel
extent is generally well encompassed by the Extreme Narrow channel typology with a 36 m wide
channel and 10 m wide buffers either side to provide an overall river corridor of 56 m.

This reach begins at the private bridge at the upper floodplain extent where Opouri Road becomes
Tennyson Inlet Road. The first 1.9 km down to the Opouri Road bridge is relatively entrenched within
the wider floodplain deposits and it is understood that the landowner undertakes gravel extraction and
other channel management works.

A short distance downstream of the Opouri Road bridge the river has widened significantly despite
attempts from the landowner to keep it within its more westerly location. The natural widening of a
gravel bed river is a typical response when the rate of sediment supplied from upstream exceeds the
sediment transport capacity of a given reach. This increased sediment supply is likely to be a result
of the sediment activated by the August 2022 flood event (estimated to have a 60-year return period)
and resulting from upstream channel management works. It is likely that this sediment will work its
way further downstream and potentially cause similar issues as are being experienced in this reach.

The current overall width of the active gravel bed at this location is up to 100 m and far exceeds the
typical channel width and design river management corridor determined for the rest of this river. A
strategic intervention to actively manage the excess gravel load working its way through the system is
recommended.

Further downstream the channel remains entrenched as a single thread meandering across the
floodplain, although the main reason the channel hasn’t avulsed out of the channel is due to extensive
gravel extraction by the adjacent landowner under resource consent.

The main river channel between 1078 -1129 Opouri Road is in very close proximity to the road (See
Figure 5-1) and it is recommended that relevant authorities monitor this for further lateral erosion and
consider proactive works (ELEVATED RISK). Due to the limited space available between the road
and river channel the solution would most likely need to be a hard structural option with vertical
geometry (retaining wall, sheetpiles, concrete blocks).

Further downstream at 1010 Opouri Road, MDC have completed planting works to provide some
erosion protection to the road on behalf of Marlborough Roads (See Figure 5-2). Strategic gravel
extraction on the beach on the inside of this bend could also be useful in managing the erosion risk in
this area. Monitoring by agencies and landowners is recommended (ELEVATED RISK) This type of
planting work and strategic gravel extraction could be used at other locations and is discussed further
in the following section of the report.
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Figure 5-1 Opouri Road at risk

Figure 5-2 Opouri Road river management works
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At the downstream extent of this reach, upstream and adjacent to 1005 Opouri Road, the channel has
in recent years widened out to nearly occupy the full river corridor including the buffers (See Figure 5-
4). This is likely due to and in response to the August 2022 flood event. It is possible that the river
will return to its more confined planform naturally over time, but the landowner may wish to consider
works to accelerate that including gravel extraction, bank shaping and planting (MODERATE RISK).

Figure 5-3 Widened section at downstream end of reach

5.2 Reach 2 - Central Opouri River (Tunapai Stream confluence to Tunakino
River confluence)

This reach is defined by change in direction with the river flowing in a westerly direction to pick up the
Tunakino and Ronga Rivers before becoming the Rai River and flowing south. This reach appears
particularly stable with limited variability in planform extent over the period of observation although
three locations are noted below where the channel is widened at least partially into the buffers. All
three of these locations could benefit from strategic gravel extraction from beaches, bank shaping and
planting (All MODERATE RISK). Overall, the active river is generally accommodated by the Extreme
Narrow channel typology with a 43 m wide river channel and 12 m wide buffers to give an overall river
corridor of 67 m.

www.christensenconsulting.co.nz Page 22


http://www.christensenconsulting.co.nz/

CHRISTENSEN Te Hoiere — Riverbank erosion and sediment guidance

CONSULTING LTD

2

\

Figure 5-5 Widened section upstream of 641 Opouri Road
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Figure 5-6 Widened section at 601 Opouri Road

5.3 Reach 3 - Tunakino River (upper extent of floodplain to Opouri River
confluence)

The Tunakino River is generally stable in terms of planform variability, in part due to riparian
vegetation throughout its length (See Figure 5-7). This observation tends to support the concept of
the use of vegetation (willow and natives) as an effective tool for managing lateral erosion for the
other reaches included in this plan.

Figure 5-7 Typical riparian vegetation Tunakino River
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The lateral planform variability of the main channel over the past 80 years is generally bounded by the
Extreme Narrow channel typology with a 28 m wide channel, 7 m wide buffers either side to provide
an overall river corridor of 42 m.

There is also a short rock gorge section between 179 and 457 Tunakino Valley Road (See Figure 5-8)
where the underlying sandstone and siltstone semi-schist is at the surface, which provides further
stability and confinement of this reach.

Figure 5-8 Rock gorge reach of Tunakino River

5.4 Reach 4 — Ronga River (upper extent of floodplain to Rai/Opouri River
confluence);

The north to south running Ronga River occupies a wider floodplain valley than the adjacent Tunakino
and upper Opouri Rivers and although it shares similar characteristics in terms of being a relatively
entrenched single thread channel there a number of instances of wider channel forms that have
resulted in the design lines being widened. In terms of the overall characteristics, it still broadly fits
within the Extreme Narrow channel typology with a 26 m wide channel bounded by 7 m wide buffers
to provide an overall river corridor of 40 m with specific departures noted below.

The first departure from the standard design lines is at 817 Ronga Road where there is a 135 degree
bend in the river. Through this section the overall river corridor has been widened to 80 m. This is a
difficult section to fit the design lines and the main mobile feature is the bend immediately
downstream of the bigger bend which has been widened on the outside line (MODERATE RISK for
the area, ELEVATED RISK for the downstream bend.See Figure 5-9).
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Figure 5-9 Widened river corridor at 817 Ronga Road

The next departure from the standard design channel dimensions is opposite 686 Ronga Road where
the channel has two branches around a wider vegetated area. This has been a feature over an
extended period and reflects the natural behaviour through this reach so the overall river corridor has
been widened to 120 m LOW RISK. (See Figure 5-10).

Figure 5-10 Widened river corridor at 686 Ronga Road

The 90-degree bend a short distance downstream opposite 663 Ronga Road also necessitates a
widening of the overall design corridor to 100 m LOW RISK for area, ELEVATED RISK for 90 degree
bend. (See Figure 5-11).
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Figure 5-11 90 Degree bend 663 Ronga Road

This is followed by a stable relatively well vegetated reach that extends down to 337 Ronga Road
where the channel bifurcates into two defined channel features (See Figure 5-12). The design river
corridor has been widened to 135 m to accommodate this feature (LOW RISK).

Figure 5-12 337 Ronga Road channel bifurcation

A short distance further downstream the river turns through a tight 180 degree bend to flow north for a
short distance before a broader 180 degree bends turns it back to its more southerly flowing direction
(See Figure 5-13). This design river corridor has been widened locally to accommodate this feature
(LOW RISK).
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Figure 5-13 180 degree bend at 253 Ronga Road

5.5 Reach 5 - Lower Opouri (Tunakino to Rai/Ronga confluence);

The upstream 3 km of this reach is relatively stable with an entrenched channel and well vegetated
riparian margins which fit within the Extreme Narrow channel typology with a 45 m wide channel and
15 m wide buffers to provide an overall river corridor width of 70 m.

The lower reach extending from the confluence with the Rai and Ronga Rivers to the upstream end of
the DOC reserve is significantly more challenging with active erosion of high vertical river banks,
build-up and migration of beaches as well as constraints associated with the road and Rai Landfill
(See Figure 5-14).

The general principles described in the following chapter of this report provide broad approaches to
river management, especially managing lateral mobility but a more site specific solution is required for
this area acknowledging there will likely be different outcomes required and funding constraints from
the various stakeholders.

A more detailed assessment of a channel alignment options is needed through this reach, so that an
overall solution can be developed which could include shifting the current channel alignment, bank
shaping, planting, strategic and hard engineering structures particularly around the road and landfill.
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|Rai Valley Lrandfill

Figure 5-14 Rai-Ronga-Opouri Confluence

5.6 Reach 6 — Upper Rai River (Ronga/Opouri confluence to Alfred Steam
confluence);

The upper Rai River from its confluence with the Ronga and Opouri Rivers down to the Rai Valley
township is relatively stable with well-established vegetative buffers. The observed planform variability
fits within the Extreme Narrow channel typology with a 50 m wide river channel bounded by 15 m
wide buffers to give an overall river corridor of 80 m.

In a few places between the Ronga confluence and Brown River Bridge, Ronga Road is within the
buffer (See Figure 5-15) and monitoring by agencies is recommended (MODERATE RISK).
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Figure 5-15 Ronga Road in buffer

The reach immediately downstream of the Rai Valley township down to the confluence with Alfred
Stream would naturally be more unstable through a sequence of sharp bends and a natural tendency
for the river to cut a more direct channel directly south (See Figure 5-16). This is only prevented by
riverbank protection works in this area which are maintained and have been extended by the
landowner. Although it may be possible to maintain the river to the design lines through this reach it
will rely on ongoing landowner maintenance of the bank protection works. There is also a stand of
lowland bush immediately downstream of the 180 degree bend in this reach which is at risk of
eroding. Gravel extraction from the adjacent beach and possibly some strategic structures could be
of benefit to reducing the risk of erosion of this lowland bush area (ELEVATED RISK).
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Figure 5-16 Rai River downstream of Rai Valley Township

5.7 Reach 7 — Alfred Stream (upper extent of floodplain to Rai River
confluence);

Alfred Stream is a short steep river that flows across the valley floor to join the Rai River. Itis
relatively steep and entrenched and well vegetated in the reach immediately upstream of the SH6
bridge. There is active erosion in unvegetated parts of the channel and the channel planform is
generally covered by the Narrow channel typology, this being the only river within this plan that this
wider channel form has been applied. Within the Narrow typology the main river channel is 30 m
wide channel with 10 m wide buffers either side for an overall river corridor of 50 m.

5.8 Reach 8 — Lower Rai River (Alfred Stream confluence to Pelorus River
confluence).

The Lower Rai River from the Alfred Stream confluence down to the Pelorus River is generally stable
in terms of its planform variability and there is for the most part well established vegetated riparian
margins. Overall it fits within the Extreme Narrow channel typology with a 55 m wide river channel
bounded by 15 m wide buffers to provide an overall river corridor of 85 m.

However, there are a number of locations where SH6 is located within the buffer which will likely
require monitoring by authorities and consideration of structural works (MODERATE RISK). These
are shown in Figure 5-17 and Figure 5-18 overleaf.
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Figure 5-18 SH6 in buffer Rai River
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5.9 Public Assets in Buffers

The following table provides a summary of the locations identified above where public assets are
located in buffers where a modified management approach will need to be considered to manage the
risk to these assets. In these locations allowing natural erosion to come into the buffer zone will
present a high risk to the asset and an urgent intervention will likely be required. The identification of
these assets could also be used for considering retreat options to reduce long term risk and ongoing
operational expenditure to manage the risk.

Table 5-1
Location

Left/Right
Bank

Public Assets In Buffers

Asset Type

Remarks

Responsibility

1078 — 1129 Left Road Monitor, hard vertical Marlborough
Opouri Road geometry structure Roads
could be considered.
1010 Opouri Left Road Planting works recently Marlborough
Road/Tunapai installed, monitor and Roads
Road consider
Intersection maintenance/extraction
on adjacent gravel
beach
370 to 538 Left Road Monitor, hard vertical Marlborough
Opouri Road geometry structure Roads
could be considered.
119to 291 Left Road Monitor, hard vertical Marlborough
Opouri Road geometry structure Roads
could be considered.
43 Opouri Right Road, landfill, DOC Requires consideration Marlborough
Road Reserve of comprehensive Roads
solution, likely to
include hard structural Dept. Of
options. Conservation
MDC Assets and
Services
Upstream and Right Road Monitor, hard vertical Marlborough
downstream geometry structure Roads
879 Ronga could be considered.
Road
212 Ronga Left Road Monitor, hard vertical Marlborough
Road geometry structure Roads
could be considered.
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Ronga Road Right Road Monitor, hard vertical Marlborough
upstream of geometry structure Roads
Brown River could be considered.
Bridge to
Ronga
Confluence
6593 — 6515 Right Road (SH6) Monitor, hard vertical NZTA
SH6 geometry structure

could be considered.

Opposite 15 Right Road (SH6) Monitor, hard vertical NZTA
Hebberds geometry structure
Road could be considered.
(270m south on
SHe6)
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6 River & Riparian Management Methods

With the design river management lines determined as described in the previous chapter the river and
riparian management methods that can be used to effectively manage the river adopting a room for
the river approach are now described. The works are set out in terms of the Hierarchy of
Intervention presented in Section 3 and start with more natural and low impact works in LOW RISK
situations and then build into more extensive works in MODERATE RISK situations and finally to all
available solutions including heavy structural options in the ELEVATED RISK scenario. Descriptions
and photographs are provided in the following section and standard detail drawings from a range of
sources are provided in APPENDIX D. Note that all of the works described below require resource
consent to perform. See section 2.3.

6.1 Low Risk

The LOW RISK situation is expected to apply to over 80% of the area covered by this plan. This
situation is defined by the river channel being within the inner management lines or encroaching
somewhat (<50%) into the defined buffers. In these situations, landowners can elect to do nothing
other than monitor the situation, noting that the erosion may have been the result of one flood event
and the river channel may “self-heal” or the erosion feature may migrate downstream as part of the
normal, natural functioning of the river. In most cases this is likely to be the best course of action and
be the least cost.

However, if landowners do want to undertake works there are a number of options available that are
appropriate for managing the river channel in this situation. The types of works are described below
under three categories — channel works, bank works and planting.

Channel Works

Proactive channel works as well as works following a flood event can provide significant benefits in
terms of reducing bank erosion. A common feature that was observed within the rivers covered by
this plan was bank erosion being caused by the build-up of large gravel beaches that constrain,
channelise and direct the river into adjacent river banks during small to moderate floods (See Figure
6-1).

Figure 6-1 Beach build-up increasing bank erosion risk - Rai River upstream of township
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Extracting gravel off these beaches down to 100 mm above water level will reduce the confinement of
the main channel during small to moderate floods and reduce the bank erosion risk to adjacent banks
(See Figure 6-2). By doing the extraction out of the water the environmental impacts are minimised in
terms of not generating sediment within the wetted channel or affecting aquatic fauna.

1Y ; v‘,"'-":
o/t S

Figure 6-2 Gravel extraction off a beach down to 100 mm above water level (Source GWRC)

As well as this strategic gravel extraction from beaches it was noted that more general reach wide
gravel extraction could be considered, especially in the upper reaches of the Opouri River. Some
landowners already undertake extraction through their existing resource consents to maintain the
channel in its current position as it would otherwise completely fill with gravel and avulse to another
course (See Figure 6-3).
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Figure 6-3 Upper Opouri River channel nearly full with gravel

Further upstream a very wide gravel fan has formed despite the efforts of the landowner to manage
the incoming gravel load from upstream (See Figure 6-4). It is likely that this current gravel pulse is
due to the significant flood event in August 2022. More comprehensive gravel extraction through
most of upper Opouri appears to be needed to reduce the gravel load moving through the system.
Otherwise, this will continue to move downstream and likely cause issues for adjacent landowners.

Figure 6-4 Upper Opouri gravel fan/floodplain deposits
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Bank Works

In addition to the gravel extraction described above there are areas where re-contouring of channel
banks could be undertaken to reduce erosion and provide a better platform for planting of willow or
native trees. The flattening of vertical banks to at least 3:1 (H:V) is a very effective way of reducing
erosion as it increases channel capacity and the effective width as the depth of flow increases (Figure
6-5). It also reduces the risk of more geotechnical type slab failures that occur on vertical banks when
water levels recede following a flood and the weakened, heavy sediment falls into the river.

As well as these benefits in terms of reducing erosion risk it also allows planting to be done lower
down the bank that enables roots to be closer to the groundwater level to improve survival rates and
growth. Depending on the particular location a bench type arrangement (See APPENDIX D) could
also be used to maximise the width of planting at the optimum depth.

Figure 6-5 Regrading of a river bank prior to planting (Source BOPRC)

Planting

Planting of willow and native trees are a useful management tool for reducing erosion as well as
enhancing the terrestrial habitat adjacent to river channels. If the trees are able to be planted close
enough to the wetted channel, they can also enhance the aquatic habitat by providing shade and a
food source for aquatic fauna.

The choice of planting can come down to personal preference but particular species will perform
better in terms of managing erosion. It will also depend on the relative erosive energy at a particular
location and whether the planting is being done in conjunction with channel works and or bank re-
contouring. Itis also noted that the National Policy for Indigenous Biodiversity provides a directive for
the increased use of native species in threatened land environments like this.
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In general terms willows will provide a more effective solution for higher energy environments
including the front 3-5 m of a buffer zone. Willows grow relatively quickly and have an extensive root
system that provides reinforcement to subsurface layers. The above ground features of willows can
also provide benefits in terms of filtering debris coming from the main channel and slowing down flood
waters. They are readily propagated from cuttings and are reasonably tolerant to harsh
environments on the riparian margins of gravel bed rivers. Natives should also be used where
practical and integrated with willows where they can’t be used as a stand-alone solution.

Care needs to be taken to use an appropriate species and trees should only be sourced from
nurseries or other willows where the species has been accurately identified with the salix matsudana
hybrids recommended. Council recommends the clones Glenmark, Moutere, Hiwinui as suitable for
this area. Further information can be found at https://www.poplarandwillow.org.nz/. Once suitable
species have been obtained and established, these can be a source of planting material in the future.

It should be noted that Salix fragilis (Crack) and Salix cinerea (Grey) species of willow are unwanted
organisms under the Biosecurity Act 1993 and should not be used. Planting can be done by hand with
a large crow bar or using a mechanical auger or small excavator in particularly difficult ground.
Generally, willows will be planted at 2 m centres and can be set out in an echelon pattern angled
downstream (See APPENDIX D), interspaced with natives or used as front line with natives planted
behind (See Figure 6-6).

Buffer zone planting zone, 20-30 m from front channel edge
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Figure 6-6 Integrating willows with natives (Source GWRC?)

The use of native species can also provide a useful tool for managing erosion and enhancing the
environment. Due to their slower growth rates, they are more vulnerable during their establishment
years but if they are sheltered by willows from the higher erosive forces of the river, they can over
time become well established and naturally propagate along the riparian margins. Work by
Environment Canterbury showed that planting larger sized natives in biodegradable rootbags can
increase survival rates where riverbank soils are extremely gravelly. Previous work completed by
MDC on the Are Are Creek Sediment and Erosion Management Plan provided a typical stream bank
cross section (See Figure 6-7) and identified species appropriate for each zone (See Table 6-1) with
further detailed information available in the North Marlborough Planting and Restoration Guide®?.

Upper Bank

Lower
Bank

High flow water levels W
/‘ \.'. Normal flow levels .u.&.'
//////Hmu///!/////////

Figure 6-7 River bank planting zones (Source MDC*®)

1 GWRC (2021). Integrating native planting and flood protection:an operational guide for Greater Wellington.
12 hitps:/ivww.marlborough.govt.nz/environment/biodiversity/biodiversity-publications-and-reports/
13 MDC (2023). Are Are Creek Sediment & Erosion Management Plan.
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Table 6-1 Native species selection for riparian margins (Source MDC*)

Species

Carex secta (purei)

Carex virgata (pukio)

Austroderia fulvida (toetoe)

Phormium tenax (flax, harakeke)

Coprosma robusta (karamu)

Leptospermum scoparium (manuka)*

Kunzea ericodes (kanuka)

Cordyline australis (cabbage tree, ti kduka)*
Sophora microphylla (kdwhai)*

Pittosporum tenuifolium (kohuhu)

Pittosporum eugenioides (lemonwood, tarata)*
Hoheria angustifolia (Narrow-leaved lacebark)
Podocarpus totara (totara)

Dacrycarpus dacrydioides (kahikatea)
Plagianthus regius (lowland ribbonwood, manatu)

Melicytus ramiflorus (mahoe)*

* Good species to help with steam bank erosion

6.2 Moderate Risk
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In some locations the simple gravel extraction, bank shaping and planting described above will not be
sufficient to effectively manage the lateral erosion risks within the overall river management corridor.

Where erosion persists and more than 50% of the buffer has been eroded and the outer management
line is at risk further, more intensive works are generally required. These are described below under

the categories of channel works and strategic structures.

Channel Works

If the channel has gone outside the outer design river management lines (beyond the buffers) it is
likely that channel realignment and diversion works will be required. This would generally involve
cutting a new channel within the bounds of the typical channel alignment (inner management lines)
and filling in the channel that has eroded outside of this. Careful planning and execution of this type
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of work using suitably qualified personnel is needed to minimise sediment inputs into the downstream
channel and to minimise fish fatalities. Generally, the cutting of the new channel should be done
offline as far as practical and the old channel only filled in once fish have been removed and relocated
from it. Works would need to extend sufficiently upstream and downstream to provide a natural tie-in
to the river channel. Generally planting would then be done within the backfilled channel including
consideration of the strategic structures outlined below.

Strateqgic Structures

In higher energy locations around sharp bends or at localised grade changes it is possible that
ongoing erosion will occur, and frequent realignment of the river bank is not a preferred management
option. In these situations, the earthworks and planting described in the previous section needs to be
enhanced with strategic structures to provide a more robust solution.

The recommended strategic structures are in the form of groynes, with the options of using different
materials such as anchored live willows, timber and rope permeable groynes or gravel groynes.

Anchored live willows are a good option where there is a good stock of medium to large willow trees
close by that can be thinned out as part of good maintenance practice and redeployed as willow
groynes. The general concept is that several whole trees are laid down in a trench angled
downstream with the heads of the trees sticking out around 1 — 2 m into the wetted channel (See
Figure 6-8). In most cases for the rivers covered by this guidance, simply filling in the trenches will be
adequate. In areas of elevated energy, the trees can be bound with rope and pinned with untreated
timber poles. In very high energy situations concrete deadman can be used but this is more
expensive and probably excessive for most rivers covered by this guidance.

Figure 6-8 Typical trench willow groyne construction
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It is also common to use untreated timber and rope permeable groynes (See Figure 6-9) or gravel
groynes in conjunction with the live willow works seen above as part of a comprehensive general
arrangement provided in APPENDIX D.

Figure 6-9 Timber and rope permeable groynes integrated with willow groynes and pole planting

The timber and rope permeable groynes catch flood debris and slow the velocity in wider berm areas
which reduces the risk of trees being plucked out by higher velocities. The timber poles can be driven
in softer ground but will often need to be drilled or excavated into harder gravel material. The use of
non-natural materials such as concrete, rubble, containers, rail irons and wire rope should be avoided
as they can cause downstream issues should the structure fail.

Gravel groynes are simply pushed up gravel embankments angled downstream that provide some
temporary shelter to help trees become established.
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Figure 6-10 Large upstream gravel groyne sheltering native plantings South Branch Ashburton
River

6.3 Elevated Risk

Hard Structures

In the locations where there are high value assets at risk or the more natural solutions described
above have not been effective, the final tool to consider is that of hard structures. Generally, site
specific design will be needed when considering hard structures for a particular site, partly due to the
complexity of the structure but also because of the effects it will likely have on upstream and adjacent
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properties. If possible, a preference should be given to the use of rock groynes as a hard structural
management option as they provide the opportunity for more natural sections of riverbank in-between
(See Figure 6-11) as well as creating diversity in the aquatic environment with scour holes at the
groyne head. They are always angled downstream and do not extend out from the bank more than
15% of the overall channel width. General arrangement details for relatively small rock groynes are
provided in APPENDIX D.

@ willow
@ native

| ———

Figure 6-11 Rock groynes integrated with vegetation (Source GWRC)

If rock groynes cannot be used, for example around a tight bend, then a rock revetment could be
considered (See Figure 6-12). This is a continuous line of rock that will almost always have some
form of end effects that will be difficult to manage. General arrangement details for rock revetments
are provided in APPENDIX D.
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Figure 6-12 Rock revetment under construction

A key constraint on the use of rock is the maximum slope it can be constructed at (1.5:1 H:V). In
some instances there will not be sufficient space to construct a rock revetment and other options such
as concrete block walls, timber walls, or sheetpiles could be considered. All of these options require
specific design.

Noting the cost and complexity of the hard structural solutions will often lead to consideration of
allowing erosion to occur and relocating assets or sacrificing land. This should be considered on a
case by case basis which includes assessing the upstream and downstream effects associated with
doing so. Where landowners believe hard structures are the only viable option, this work steps
beyond the scope of this guidance and professional advice should be sought ahead of detailed design
and before applying for resource consent.
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6.4 General Maintenance

In addition to gravel extraction from beaches and in other oversupplied reaches discussed above,
other more general maintenance works could be considered particularly for vegetation in the channel
and larger trees on the banks as well as around existing structures.

Vegetation in the channel

Generally, vegetation in the channel and especially where it is reinforcing a beach that allows that
beach to become larger, is not positive in terms of reducing bank erosion. Where there is clear
benefit then control or removal of vegetation within the active channel should be considered. Where
possible this should be done working out of the flowing part of the channel with the vegetation
removed from the channel altogether i.e. not cut down and left on a beach where it could be mobilised
and transported downstream to potentially cause other issues.

There could also be instances of vegetation, particularly large woody debris, that provide benefit in
terms of providing instream habitat, slowing water down or directing it away from riverbanks. This can
be beneficial as long as it is likely to remain stable during flood flows and not simply be moved
downstream to potentially cause issues on bridge structures or divert flows into riverbanks.

Vegetation on the banks

Planted riparian buffers on the banks are almost always going to provide benefits in terms of reducing
erosion and filtering flood debris as well as other potential ecological benefits such as shade and food
for the aquatic environment and terrestrial habitat. However, if trees become too large then they can
potentially cause bank stability issues as under high wind loads or just due to the sheer weight of the
tree, they can fall down into the river pulling large chunks of the bank with them.

If the trees being managed are willows, then there are several useful techniques that can be used to
effectively maintain them so they continue to be useful. For very large willows (20 years +) they can
be mechanically topped (See Figure 6-13) to take some weight out of them or dug out and used for
trench willow groynes discussed above.

Figure 6-13 Mechanical topping of willow trees — 12 month growth (Source BOPRC)

Smaller willow trees (<10 years) that are growing on the banks or at the top of the bank can be
mechanically layered. This can be done with an excavator just pushing on them until they bend and
remain laying on the ground (See , for larger trees there might need to be a “nick” cut in the trunk of
the tree to allow it to be laid down without being pulled out of the ground.
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Figure 6-14 Mechanical layering of willow trees (Source BOPRC)

Maintenance of other tree species would likely need specialised advice from an arborist about how
best to manage them when they become very large and become a risk to bank stability.

Existing Structures

There may be some existing consented structures that are serving a useful purpose that could benefit
from periodic maintenance. Where these are rock structures, then replenishment of areas that have
settled or moved is useful along with ensuring upstream and downstream tie-ins are still functional
and not at risk of being outflanked. Other concrete based structures are more difficult to maintain as
the movement of one element often leads to failure (cracking) of slab type structures or de-
stabilisation of block type structures. In some instances, these can be integrated with rock to provide
a flexible interface between the concrete and the mobile river bed and banks but in most cases some
or part of the structure might need to be rebuilt or removed. Landowners are advised to seek suitably
qualified advice in this instance.

It is also worth noting that some existing structures may be causing adverse effects in terms of
localised or downstream erosion that would be best remedied by removal of the structure and use of
the more natural management techniques of bank shaping and planting described above.
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7 Summary

River channel design lines have been developed for the upper catchment tributaries of Te
Hoiere/Pelorus River. The methodology has followed that recommended by the NZ River Managers
SIG Room for the River Guidelines and has used the following data sources —

e Geomorphic mapping of terraces and other landscape features;

e Geological mapping of changes of underlying erodibility (especially rock);

e Catalogue of past river management activities;

e Topographical features;

o Digitising river width and planform extent from historic aerial photographs; and
e Empirical river regime equations.

This synthesis of data has enabled the development of inner management lines, defining the typical
channel location, along with outer management lines defining the overall river management envelope
based on the fundamental geomorphic characteristics for each reach. These design lines provide a
basis for allowing room for the river within defined extents so that a cost effective and flexible
management approach can be taken by adjacent landowners.

A number of public assets have been identified in the buffer zones which will require more proactive
management than those areas where there are no assets in the buffers. Consideration could be
given to retreating these assets to reduce risk and reduce on-going maintenance costs. The design
lines can also be used as a planning tool for providing advice around appropriate land-use within
areas within the design channel and buffer zones.

A range of river management options have been described for private landowners to consider when
thinking about doing works on the river where it runs through their property. In most instances
minimal strategic channel works in the form of extracting gravel from beaches combined with bank
shaping and planting will provide an effective way of managing lateral erosion. In some instances
more intensive channel works including larger scale gravel extraction and strategic groyne structures
may be needed. In a few places, particularly where public assets are at risk the use of hard
protection structures might be needed.
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APPENDIX A — Empirical Design Width Calculations

Table A1 — Empirical Calculations

Threshold of Motion Meander Dominant Flow Meander
H_:y“;“:‘;:“ Henderson . Mm,",i" at
at Critical | Type "A" Chang |Lacey | Altunin | Critical
(1988) |(1929) | (1950) Slope
Slope (1966) (1950)
(1966)
Dgy Q2.33 Slope |Critical Slope| Width Width Width | Width | Width Width
Reach mm mils mim mim m m m m m m
Morthern Opduri 89 179| 0.0040 0.0018 19 22 36 65 59 68
Tunakino 134 107| 0.0074 0.0039 14 15 28 50 40 46
Ronga 78 91| 0.0058 0.0022 14 21 26 46 39 47
Southern Opduri 78 257| 00023 0.0014 23 21 43 78 78 a7
Upper Rai 78 351| 0.0018 0.0012 27 21 51 91 96 104
Alfred Stream 86 46| 0.0080 0.0034 10 10 19 33 27 31
Lower Rai 77 425| 00023 0.0011 29 34 54 100 101 117
Table A2 — Channel Width Typologies
Extreme Narrow Narrow Wide
Channel Buffer Channel |Buffer Channel Buffer
Width Width Width Width Width Width
m m m m m m
Reach
Northern Opduri 36 10 64 19 108 38
Tunakino 28 7 45 14 77 28
Ronga 26 I 44 14 75 29
Southern Opduri 43 12 81 23 137 48
Upper Rai 51 13 a7 27 165 53
Alfred Stream 14 5 30 10 51 21
Lower Rai 54 15 106 29 180 58
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APPENDIX B — Design Line Summary Table

Design Design
Reach Channel Buffer Explanation
Name Width Width
(m) (m)
36 10 Single thread meandering channel generally quite stable within this
Upper reach. One area where main channel is widened out to 100 m and
Opouri River in lower reaches already into buffers otherwise fits well within the
“Extreme Narrow” channel typology.
Central 43 12 Very stable westerly flowing section of river, generally confined and
o — meandering channel bounded by the “Extreme Narrow” channel
pouri River
typology.
T . 28 7 Very stable southerly flowing section of channel with short rock
unakino ; . .
River gorge section, confined, well vegetated meandering channel
bounded by the “Extreme Narrow” channel typology.
26 7 Southerly flowing river channel occupying a wider floodplain with a
number of notable bend features that result in localised widening of
Ronga River the design channel. Otherwise generally stable especially through
vegetated reaches and generally bound by the “Extreme Narrow”
channel typology.
45 15 Generally stable and entrenched within a channel with vegetated
riparian margins over the upper 2/3 of this reach. Extremely mobile
Lower and challgnging morphology in the lower 1/3 around the confluencg
Opouri of the Rai and Ronga where the DOC reserve and Rai Valley landfill
add to the complexity. The upper reach generally bounded with in
the “Extreme Narrow” channel typology but significant work would
be required to re-shape and manage the lower reach.
50 15 The upper reach is relatively stable with well-established riparian
margins, the lower reach from Rai Valley township to the Alfred
Upper Rai Stream confluence relies on bank protection works to maintain the
River current channel location. Generally fits with the “Extreme Narrow”
channel typology noting the reliance on ongoing engineering
intervention in the lower part of the reach.
30 10 Steep, high energy river with eroding margins, reasonably stable on
Alfred ; ) . . L2 . .
Stream st_ra|_ght SE(,:"[IOI’]S WItD established riparian margins. Generally fits
within the “Narrow” channel typology.
L . 55 15 Generally stable with well-established riparian vegetation and fits
ower Rai . “ ” i
River Wlthllj] the “Extreme I_Varrow phannel typology noting a number of
locations where SH6 is in the right bank buffer.

www.christensenconsulting.co.nz

Page 51



http://www.christensenconsulting.co.nz/

CHR|STENSEN Te Hoiere — Riverbank erosion and sediment guidance

CONSULTING LTD

2

APPENDIX C — Grain Size Distributions

Grain Size Distribution - Northern Opéduri River
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Grain Size Distribution - Tunakino River
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Grain Size Distribution - Ronga River
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Grain Size Distribution - Upper Rai River
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Grain Size Distribution - Lower Rai River
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DISCLAIMER : NOTE :
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par-assume o espansibiily as bo ihe relie Wity, scoracy of stream gradient and bank material etc. A general rule of thumb is : Groyne spacing =

completeness of the information shown or for any interpretation ; 2 3
or action taken by any agency or individual in relation to 1.5 x the distance between Erosion face and preferred channel alignment.

information provided on this plan.
Typical groyne spacings that have been used are :

This plan has been prepared to offer assistance to rural Hutt River : Nash Street 60m crs
landowners, the landowner is under no obligation to carry out : Belmont 70m crs
these works. In areas of significant erosion, detailed engineering : Bridge road 50m crs

design / investigation may be required. - Ava - Ewen 78m crs

The landowner will need to contact the necessary authorities and Waikanae River  : 45 - 70m crs (generally on bends)
service providers for building consent / resource consent (if Otaki River : 50m crs

applicable) prior to any work being carried out. Please note there
is always a risk of works being outflanked or destroyed in a flood.

See also caution on cover sheet.
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